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(57) ABSTRACT

A common-source differential power amplifier comprises a
compensation circuit, which comprises a first and a second
compensation transistors and two signal terminals, a source
and a drain of the first compensation transistor are short-
circuited and connected to a gate of the second compensa-
tion transistor and one signal terminal of the compensation
circuit, the source and the drain of the second compensation
transistor are short-circuited and connected to the gate of the
first compensation transistor and the other signal terminal of
the compensation circuit, the two signal terminals of the
compensation circuit are further respectively connected to
two differential signal input terminals of the common-source
differential power amplifier directly or via a capacitor, where
the first and second compensation transistors in the same
compensation circuit are both NMOS transistors or both
PMOS transistors. An electronic device including the power
amplifier 1s also disclosed.

11 Claims, 4 Drawing Sheets
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COMMON-SOURCE DIFFERENTIAL POWER
AMPLIFIER AND ELECTRONIC DEVICE
INCLUDING THE SAME

TECHNICAL FIELD

The present disclosure relates to the technical field of
analog circuits, and 1n particular, to a common-source dii-
terential power amplifier and an electronic device including
the same.

TECHNICAL BACKGROUND

Ideally, even 1f the mput signal power of a differential
power amplifier increases, the phase offset of the output
signal of the differential power amplifier should be constant.
However, in practice, as the input signal power of the
differential power amplifier increases, the phase oflset of the
output signal of the differential power amplifier 1s increased,
resulting 1 phase distortion of the output signal.

SUMMARY OF TH.

INVENTION

(L]

The purpose of the present disclosure 1s to provide a
common-source differential power amplifier for solving the
defects of the prior art.

In order to solve the above technical problems, the present
disclosure provides a technical solution in which a common-
source differential power amplifier includes at least one
compensation circuit and at least one pair of driving tran-
sistors; where the same pair of driving transistors from the
at least one pair of driving transistors are both NMOS
transistors or both PMOS transistors, potentials of sources of
the same pair of driving transistors are equal, and rains of the
same pair of driving transistors are respectively connected to
differential signal output terminals of the differential power
amplifier, the compensation circuit includes a first compen-
sation transistor, a second compensation transistor and two
signal terminals, where a source and a drain of the first
compensation transistor are short-circuited and connected to
a gate of the second compensation transistor and one of the
two signal terminals of the compensation circuit, and a
source and a drain of the second compensation transistor are
short-circuited and connected to a gate of the first compen-
sation transistor and the other of the two signal terminals of
the compensation circuit; the two signal terminals of the
compensation circuit are respectively connected to the two
differential signal 1nput terminals of the common-source
differential power amplifier directly or through a capacitor,
where the first compensation transistor and the second
compensation transistor in the same compensation circuit
are both NMOS ftransistors or both PMOS transistors.

The present disclosure further provides a technical solu-
tion 1 which an electronic device includes the above
common-source diflerential power amplifier.

Compared with the prior art, the technical effect of the
present disclosure 1s that, as the input signal power of the
common-source differential power amplifier increases, sizes
of the gate-source parasitic capacitance and the gate-drain
parasitic capacitance of the driving transistor are increas-
ingly raised. Further, each of the first compensation transis-
tor and the second compensation transistor constitutes a
capacitor. As the mput signal power of the common-source
differential power amplifier increases, the capacitance value
of the first compensation transistor and the second compen-
sation transistor connected 1n parallel decreases. By adjust-
ing the parameters (e.g., doping concentration, size, etc.) of
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cach compensation transistor, the mput capacitance of the
two diflerential signal mput terminals of the differential
power amplifier can be kept at a constant value or close to
a constant value as the input signal power of the common-
source differential power amplifier increases, thereby sup-
pressing the phase distortion of the output signal of the
common-source diflerential power amplifier.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of the circuit structure of
a conventional amplifier.

FIGS. 2 to 8 are schematic diagrams of the structure of a
common-source differential power amplifier according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

In the present disclosure, 1t should be understood that
terms such as “including” and “having” indicate the pres-
ence ol a feature, a number, a step, an operation, a compo-
nent, a part or any combination thereof as described 1n the
specification, but do not exclude a possibility of the presence
of one or more other features, numbers, steps, operations,
components, parts or combinations thereof.

In addition, 1t should be noted that the embodiments 1n the
disclosure and the features in the embodiments can be
combined with each other it there 1s no conflict. Hereinafter,
the present disclosure will be described i1n detaill waith
reference to the accompanying drawings and in conjunction
with the embodiments.

The present disclosure will be further described below 1n
conjunction with the embodiments shown 1n the figures.

Retferring to FIG. 1, in a conventional common-source
power amplifier, an NMOS (N-channel metal oxide semi-
conductor) transistor serves as a driving transistor M,,, a
current source S, 1s connected between a power supply VDD
and a drain of the driving transistor M,, to determine the DC
(Direct Current) bias state of the driving transistor M. The
gate-source parasitic capacitance C,.. and the gate-drain
parasitic capacitance C . of the driving transistor M, may
allect the mput capacitance of the common-source power
amplifier. The larger the 1nput capacitance of the common-
source power amplifier, the longer the signal delay and the
larger the signal phase delay.

The gate-source parasitic capacitance C . of the driving
transistor M, 1s not a constant value and 1s relevant to the
gate-source voltage V ... The gate-drain parasitic capaci-
tance C . of the driving transistor M, 1s not a constant value
and 1s relevant to the gate-drain voltage V .. The relation-
ships between C, and V -, and between C. and V - can
be expressed according to the following equations:

_ st b 2 .
Con=CepoCon1™VertCoox™Vep™ - - -

W it 2
CosCas0tCas1 VasCasr ™ Vas+ - - -

Here, Crz0, Canis Copns Cras Casrs Crer are constant
values.

As the variation amplitude of the input signal of common-
source differential power amplifier increases, the varation
amplitudes of the gate-source parasitic capacitance C . and
the gate-drain parasitic capacitance C_,, of the driving
transistor M, also increase significantly, which may cause
phase distortion of the output signal.

Based on the above analysis, an embodiment of the
present disclosure provides a common-source differential
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power amplifier, including: at least one compensation circuit
and at least one pair of dniving transistors; the same pair of
driving transistors from the at least one pair of driving
transistors are both NMOS transistors or both PMOS tran-
sistors, the potentials of the sources of the same pair of
driving transistors are equal, and each of the drains of the
same pair of driving transistors are respectively connected to
a differential signal output terminal; the compensation cir-
cuit includes a first compensation transistor, a second com-
pensation transistor and two signal terminals, where the
source and the drain of the first compensation transistor are
short-circuited and connected to the gate of the second
compensation transistor and one signal terminal of the
compensation circuit, and the source and the drain of the
second compensation transistor are short-circuited and con-
nected to the gate of the first compensation transistor and the
other signal terminal of the compensation circuit; and the
two signal terminals of the compensation circuit are respec-
tively connected to the two diflerential signal input terminals
of the common-source differential power amplifier directly
or through a capacitor, where the first compensation tran-
sistor and the second compensation transistor in the same
compensation circuit are both NMOS transistors or both
PMOS ftransistors (1.e. the same polarity).

As the mput signal power of the common-source power
amplifier increases, the increasing amplitudes of the gate-
source parasitic capacitance and the gate-drain parasitic
capacitance of the driving transistor become larger. Each of
the first compensation transistor and the second compensa-
tion transistor constitutes a capacitor. As the mput signal
power of the common-source diflerential power amplifier
increases, the capacitance value of the first compensation
transistor and the second compensation transistor connected
in parallel decreases. By adjusting the parameters (e.g.,
doping concentration, size, etc.) of each transistor, the mput
capacitance of the two differential signal mnput terminals can
be kept at a constant value or close to a constant value as the
input signal power of the common-source differential power
amplifier increases, thereby suppressing the phase distortion
ol the output signal of the common-source differential power
amplifier.

For example, reterring to FIG. 2, the common-source
differential power amplifier includes a first driving transistor
M,, a second driving transistor M,, a first compensation
transistor M,, a second compensation transistor M,, a first
bias circuit, and a second bias circuit.

The gate of the first driving transistor M, and the gate of
the second driving transistor M, are connected to differential
signal 1nput terminals V +, V -, respectively, both of the
source of the first driving transistor M, and the source of the
second driving transistor M, are grounded, and the drains of
the first driving transistor M, and the second driving tran-
sistor M, are connected to differential signal output termi-
nals V_+ and V_-, respectively.

The first bias circuit (specifically, the current source S1)
1s configured to determine the DC bias state of the first
driving transistor M,, and the second bias circuit (specifi-
cally, the current source S2) i1s configured to determine the
DC bias state of the second driving transistor M,.

The first compensation transistor M; and the second
compensation transistor M, constitute a compensation cir-
cuit B. The gate of the first compensation transistor M;, the
source of the second compensation transistor M, and the
drain of the second compensation transistor M, are con-
nected together and connected to the gate of the first driving,
transistor M, through a signal terminal P,. The gate of the

second compensation transistor M, the source of the first
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compensation transistor M5, and the drain of the first com-
pensation transistor M, are connected together and con-
nected to the gate of the second driving transistor M,
through a signal terminal P,.

Specifically, the first driving transistor M, and the second
driving transistor M, are both NMOS transistors, and the
first compensation transistor M, and the second compensa-
tion transistor M, are both NMOS transistors.

In other embodiments, the first driving transistor and the
second driving transistor are both PMOS (P-channel metal
oxide semiconductor) transistors. Accordingly, the sources
of the first driving transistor and the second driving transis-
tor can be connected to a power supply terminal 1nstead of
being grounded.

In other embodiments, the first compensation transistor
and the second compensation transistor are both PMOS
transistors.

It should be noted that the first compensation transistor
and the second compensation transistor should be of the
same parameter. For example, the shape and size of the mask
used 1n manufacturing the first compensation transistor and
the second compensation transistor are the same, and the
process parameters are also the same. The compensation
circuit including the first compensation transistor and the
second compensation transistor 1s symmetrical, so that the
circuit structure connected by the first driving transistor and
the second driving transistor 1s symmetrical. That 1s, the
entire common-source differential power amplifier 1s sym-
metrical.

Alternatively, each of the first bias circuit and the second
bias circuit includes a current source (1.€., current sources S1
and S2 1 FIG. 2). In the present disclosure, the specific
forms of the first bias circuit and the second bias circuit are
not limited. For example, each of the first bias circuit and the
second bias circuit includes a resistor. That 1s, the drain of
the first driving transistor 1s connected to a power supply
terminal through a resistor or grounded through a resistor.

In the above embodiments, there 1s only one driving
transistor 1n the one side circuit of the common-source
differential power amplifier. Also, the circuit on one side of
the common-source differential power amplifier can be a
compensation structure (CMOS structure).

That 1s, 1n some embodiments, the common-source dif-
terential power amplifier includes a first driving transistor, a
second driving transistor, a third driving transistor, a fourth
driving transistor and at least one compensation circuit,
where both of the first driving transistor and the third driving
transistor are disposed on one side of the compensation
circuit, and both of the second driving transistor and the
fourth pressing driving transistor are disposed on the other
side of the compensation circuit.

The gates of the first and second driving transistors are

* 'y

respectively connected to the two differential signal input
terminals of the common-source differential power amplifier
directly or through a capacitor, both of the sources of the first
and second driving transistors are grounded, the drains of the
first and second driving transistors are connected to the two
differential signal output terminals of the common-source
differential power amplifier respectively, and the first and
second driving transistors may be both NMOS transistors.
The gates of the third and fourth driving transistors are
respectively connected to the two differential signal input
terminals of the common-source diflerential power amplifier
directly or through a capacitor, both of the sources of the
third and fourth driving transistors are connected to the
power supply terminal, the drains of the third and fourth

driving transistors are connected to the two differential
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signal output terminals of the common-source differential
power amplifier, respectively, and both of the third and
fourth driving transistors may be PMOS transistors.

The compensation circuit includes a first compensation
transistor, a second compensation transistor and two signal
terminals, where the source and the drain of the first com-
pensation transistor are short-circuited and connected to the
gate ol the second compensation transistor and one signal
terminal of the compensation circuit, and the source and the
drain of the second compensation transistor are short-
circuited and connected to the gate of the first compensation
transistor and the other signal terminal of the compensation
circuit.

The two signal terminals of the compensation circuit are
connected respectively to the two diflerential signal input
terminals of the common-source differential power amplifier
directly or through a capacitor.

Here, the first compensation transistor and the second
compensation transistor in the same compensation circuit
are both NMOS transistors or both PMOS transistors (1.e. of
the same polarity).

The principle of the compensation circuit for suppressing,
the phase distortion of the common-source differential
power amplifier 1s the same as the operating principle of the
above embodiments. That 1s, as the mnput signal power of the
common-source diflerential power amplifier increases, the
increasing amplitudes of the gate-source parasitic capaci-
tance and gate-drain parasitic capacitance of the dniving
transistor connected or coupled to the differential signal
input terminal become larger, the decreasing amplitude of
the capacitance between the two signal terminals of the
compensation circuit tends becomes larger, and such
increase and decrease cancel each other out.

For example, 1n the common-source differential power
amplifier shown 1 FIG. 3, the gate of a third drniving
transistor Mx 1s coupled to a diflerential signal input terminal
V .+ through a first capacitor C,, and the gate of a fourth
driving transistor M, 1s coupled to the other differential
signal mput terminal V.- through a second capacitor C..

The illustrated common-source ditfferential power ampli-
fier 1s provided with only one compensation circuit B, and
the DC operating point of the gate voltage of each dniving
transistor of the diflerential power amplifier can be inde-
pendently designed.

For example, 1n the common-source differential power
amplifier shown 1 FIG. 4, an additional compensation
circuit B 1s added to the circuit in FIG. 3. The added
compensation circuit B includes a first compensation tran-
sistor M, and a second compensation transistor Mg. The
added compensation circuit 1s connected between the gate of
a third driving transistor M and the gate of a fourth driving
transistor M.

For example, 1n the common-source differential power
amplifier shown i FIG. §, unlike the circuit in FIG. 3, the
compensation circuit B 1s coupled to the two differential
signal 1nput terminals V + and V - through the respective
capacitors. Specifically, the compensation circuit B 1s con-
nected between the gate of a third driving transistor M. and
the gate of a fourth driving transistor M.

In another embodiment, in the common-source differen-
tial power amplifier shown in FIG. 6, unlike the circuit in
FIG. 3, the gate of a first driving transistor M, and the gate
of a third driving transistor M. are directly connected to a
differential signal input terminal V.+, and the gate of a
second driving transistor M, and the gate of a fourth driving
transistor M, are directly connected to another differential
signal mput terminal V ,—.
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In order to maintain the symmetry of the common-source
differential power amplifier, the first compensation transistor
and the second compensation transistor in the same com-
pensation circuit can be both NMOS transistors or both
PMOS transistors, and the first compensation transistor and
the second compensation transistor in the same compensa-
tion circuit can be of the same parameter.

In some embodiments, 11 the two signal terminals of the
compensation circuit are respectively coupled to the two
differential signal mput terminals of the common-source
differential power amplifier through a capacitor, each of the
two signal terminals of the compensation circuit 1s con-
nected to a bias voltage terminal through a resistor.

The bias voltage terminal i1s configured to provide an
adjustable constant voltage. The compensation circuit may
be equivalent to a capacitor, and both signal terminals of the
compensation circuit are connected to the bias voltage
terminal through the respective resistors. The capacitor and
the two resistors form a high-pass filter, allowing high-
frequency voltage signals to pass through the two signal
terminals of the compensation circuit. For medium and low
frequency signals, the potentials at both ends of the capacitor
are almost equal. The resistance values of the two resistors
should be set relatively large. By changing the voltage of the
bias voltage terminal, the equivalent capacitor can have
different capacitance characteristics, so that the circuit
adjustment becomes more tlexible.

Specifically, FIG. 7 and FIG. 8 only 1llustrate two differ-
ential signal nput terminals V.+ and V.- of a common-
source differential power amplifier, and the internal structure
of the common-source differential power amplifier can be
designed according to the prior art.

The compensation transistor 1n the compensation circuit B
in FIG. 7 1s an NMOS transistor, and the compensation
transistor 1n the compensation circuit B 1n FIG. 8 1s a PMOS
transistor. One signal terminal of the compensation circuit B
1s connected to a bias voltage terminal VBIAS through a
resistor R, and the other signal terminal of the compensa-
tion circuit B 1s connected to the bias voltage terminal
VBIAS through a resistor R,.

The embodiment of the present disclosure also provides
an electronic device including the common-source differen-
t1al power amplifier described 1n the foregoing embodiment.
The common-source differential power amplifier 1s, for
example, configured to drive an antenna, and the electronic
device 1s, for example, a mobile phone or a smart watch that
can transmit antenna signals.

The various embodiments 1n the present disclosure are
described 1n a progressive manner, and the same or similar
parts between the various embodiments can be referred to
each other, and each embodiment focuses on the differences
from other embodiments.

The protection scope of the present disclosure 1s not
limited to the above embodiments. It 1s obvious that, those
skilled 1n the art can make various amendments and modi-
fications to the present disclosure without departing from the
scope and spirit of the present disclosure. If these amend-
ments and modifications fall within the scope of the claims
of the present disclosure and 1ts equivalent technology, the
present disclosure 1s also intended to include these amend-
ments and modifications.

What 1s claimed 1s:

1. A common-source differential power amplifier com-
prising at least one compensation circuit and at least one pair
of driving transistors, wherein,

the same pair of driving transistors from the at least one

pair of driving transistors are both NMOS transistors or
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both PMOS transistors, potentials of sources of the
same pair of driving transistors are equal, and drains of
the same pair of driving transistors are connected to
differential signal output terminals of the differential
power amplifier, respectively;

the compensation circuit comprises a first compensation
transistor, a second compensation transistor and two
signal terminals, wherein, a source and a drain of the
first compensation transistor are short-circuited and
connected to a gate of the second compensation tran-
sistor and one of the signal terminals of the compen-
sation circuit, and a source and a drain of the second
compensation transistor are short-circuited and con-
nected to a gate of the first compensation transistor and
the other of the signal terminals of the compensation
circuit;

the two signal terminals of the compensation circuit are
respectively connected to two differential signal 1input
terminals of the common-source diflerential power
amplifier directly or through a capacitor, wherein, the
first compensation transistor and the second compen-
sation transistor in the same compensation circuit are
both NMOS transistors or both PMOS transistors.

2. The common-source differential power amplifier of
claim 1, further comprising a first bias circuit and a second
bias circuit, wherein the at least one pair of driving transis-
tors comprise a first driving transistor and a second driving,
transistor,

a gate of the first driving transistor and a gate of the
second driving transistor are respectively connected to
the two differential signal input terminals of the com-
mon-source differential power amplifier, both of a
source of the first driving transistor and a source of the
second driving transistor are grounded or connected to
a power supply terminal, and drains of the first driving
transistor and the second driving transistor are respec-
tively connected to the two differential signal output
terminals of the common-source diflerential power
amplifier,

the first bias circuit 1s configured to determine a DC bias
state of the first dnving transistor, and the second bias
circuit 1s configured to determine a DC bias state of the
second driving transistor,

the two signal terminals of the compensation circuit are
respectively connected to the gate of the first driving
transistor and the gate of the second driving transistor,
and

wherein, the first driving transistor and the second driving
transistor are both NMOS transistors or both PMOS
transistors, and the first compensation transistor and the
second compensation transistor are both NMOS ftran-
sistors or both PMOS transistors.

3. The common-source differential power amplifier of
claim 2, wherein the first driving transistor and the second
driving transistor are both NMOS transistors or both PMOS
transistors.

4. The common-source differential power amplifier of
claim 2, wherein the first compensation transistor and the
second compensation transistor are both NMOS transistors
or both PMOS transistors.
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5. The common-source differential power amplifier of
claim 2, wherein each of the first bias circuit and the second
bias circuit comprises a current source.

6. The common-source differential power amplifier of
claim 2, wherein the first compensation transistor and the
second compensation transistor are of the same parameter.

7. The common-source differential power amplifier of
claim 1, wherein the at least one pair of dnving transistors
comprise a first driving transistor, a second driving transis-
tor, a third driving transistor and a fourth driving transistor,
both of the first driving transistor and the third driving
transistor are disposed on one side of the compensation
circuit, and both of the second driving transistor and the
fourth pressing driving transistor are disposed on the other
side of the compensation circuit,

a gate of the first driving transistor and a gate of the
second driving transistor are respectively connected to
the two differential signal input terminals of the com-
mon-source differential power amplifier directly or
through a capacitor, both of a source of the first driving
transistor and a source of the second driving transistor
are grounded, drains of the first driving transistor and
the second driving transistor are connected to two
differential signal output terminals of the common-
source differential power amplifier, respectively, and
the first driving transistor and the second driving tran-
sistor are both NMOS transistors,

a gate of the third dnving transistor and a gate of the
fourth driving transistor are respectively connected to
the two differential signal input terminals of the com-
mon-source differential power amplifier directly or
through a capacitor, both of a source of the third driving
transistor and a source of the fourth driving transistor
are connected to a power supply terminal, drains of the
third driving transistor and the fourth driving transistor
are respectively connected to the two differential signal
output terminals of the common-source differential
power amplifier, and the third driving transistor and the
fourth driving transistor are both PMOS transistors.

8. The common-source differential power amplifier of
claim 7, wherein the first compensation transistor and the
second compensation transistor in the same compensation
circuit are both NMOS transistors or both PMOS transistors.

9. The common-source differential power amplifier of
claim 7, wherein the first compensation transistor and the
second compensation transistor in the same compensation
circuit are of the same parameter.

10. The common-source differential power amplifier of
claim 1, wherein, if the two signal terminals of the com-
pensation circuit are respectively connected to the two
differential signal input terminals of the common-source
differential power amplifier through a capacitor, each of the
two signal terminals of the compensation circuit 1s con-
nected to a bias voltage terminal for providing an adjustable
constant voltage through a resistor.

11. An electronic device, comprising a common-source
differential power amplifier of claim 1.
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